Pig carcass composition can be modified substantially by exogenous growth hormone (GH) administration (Machlin, 1972; Chung et al., 1985; Etherton et al., 1986 Etherton et al., , 1987 . A reduction of up to 21% in total carcass lipid content plus a 20% increase in total muscle mass have been reported (Etherton et al., 1987) .
Blood GH concentration also can be increased by human growth hormone-releasing factor (hGRF) (1-44)NH2; such an increase Dame Hospital, Montreal, Quebec, Canada H2L 4M1.
also will modify carcass composition in pigs 6Fellowof"FondsdelaRechercheenSantiduQudbec". (~t h~~~~ et 1986) . A shorter analog of the potent as hGRF ( 1 4 ) N H 2 in stimulating GH release in growing pigs (Petitclerc et al., 1987) . A superactive analog Ala15] hGRF( 1-29)NH2) was synthesized and its in vitro biological activity proved to be 4 times that of hGRF(I4)NH2 (Felix et al., 1986) . In addition, this analog has proved to have 10 to 15 times the in vivo potency of hGRF(14)NHz (Mowles et al., 1987) . Recently this analog was reported to substantially increase GH concentrations in growing swine in a dose-dependent fashion (Dubreuil et al., 1990) . Additionally, a dose-related response on the predictive indexes of carcass composition was observed. Specifically, backfat was substantially reduced by hGRF analog treatment.
The objective of this work was to quantify the degree of change brought about by the analog on the composition of the different wholesale cuts of the pig carcass and to determine some quality characteristics of the meat produced by the treated animals.
Materials and Methods
Animals. Yorkshire (75%) x Landrace (25%) crossbred barrows weighing approximately 50 kg were maintained and treated as described by Dubreuil et al. (1990) . Animals were slaughtered at approximately 106 kg BW giving an average of 55 d on test. Meat quality aspects were measured on the longissimus muscle (LD) of the 74 animals completing the study, which received one of the following five treatments: TI, control saline injected S.C. three times daily (TID) at 0700, 1500 and 2300 ; T2, hGRF analog (1.66 p e g , TID); T3, hGRF analog (3.33 pg/kg, TID); T4, hGRF analog (6.66 pgkg, TID) and T5, hGRF analog (10 pg/kg, once daily at 0700 followed by saline at 1500 and 2300). Dietary protein level was 18.8%. Due to practical and economical constraints, dissection and chemical analysis of the carcasses were performed on eight randomly chosen control animals (TI) and eight randomly chosen treated pigs (T4).
Dissection. Hot carcass weight was taken after dressing and the carcasses were chilled 48 h at 1°C. after which they were reweighed to 'Kjeltec Auto System, Tecator AB, Hoganas, Sweden. *ecator 1043 Extraction Unit, Tecaior lnc., Herndon, '%ierce, Rockford IL.
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obtain percentage of shrink. The left side of each carcass was wrapped in a plastic bag and stored at -20°C for approximately 1 mo until ready for compositional analysis. Once thawed, the jowl, feet and kidney fat were discarded and the remaining carcass was weighed; this was considered the net halfcarcass weight on which all composition calculations were based. The side was then divided into four untrimmed commercial cuts: the shoulder was separated just behind the foreshank perpendicular to the long axis of the carcass between the second and third rib; the ham with the hindshank attached was separated through the pelvic bone caudal to the hip bone at an angle going through the fourth sacral vertebrae; and the belly was separated from the loin with a cut starting under the blade bone, extending the natural curvature of the backbone and ending just under the hip bone. Each wholesale cut was weighed. For each individual cut, the skin was taken off and defatted by scraping it with a knife. Soft tissue was separated from the bones and all separable fat was dissected from the muscle with the exception of the belly where muscle and fat were considered together. Connective tissue such as epimysium sheets were left on the muscles; loose connective tissue containing fat was pooled with the fat fraction.
Chemical Analysis. Each fraction (bone, skin, muscle, fat) was weighed separately. Muscle and fat from the dissection of each wholesale cut were ground separately three times in a meat grinder through a plate with holes 5 mm in diameter. Moisture was determined at this point in a convection oven at 105°C for 24 h. The rest of the samples were freeze-dried and the preparation was pulverized in a blender. Protein was determined by micro-Kjeldah18 and fat was extracted two times with dichloromethane using the Soxtec System9. Crude fat was determined by weighing the extracted residue.
Fatty acids were analyzed on the separable fat fraction of the four wholesale cuts and on the crude ether extract of the LD muscle. Twenty grams of pulverized muscle was extracted two times with 150 ml of anhydrous ether. The solvent was filtered off and evaporated to dryness at 30°C in a water bath under a stream of nitrogen. All samples weighing approximately 400 mg were saponified with 6 ml of methanolic NaOH .5 N under reflux for 5 min until all visible fat globules disappeared and methylated with 5 ml BF3l0 for 2 mi (1984) . The methyl esters were collected in heptane and were analyzed on a gas chromatograph1' equipped with a methyl siliconecoated capillary column using helium as carrier. Iodine values of fat samples were determined by the Wijs procedure as described in AOAC (1984) . Collagen content of the LD muscle was measured at the level of the 13th rib. A crosssection of the LD muscle 1 cm thick was lyophilized and pulverized in a blender. Total and soluble collagen were separated according to Hill (1966) and hydroxyproline was determined by the method of Bergman and Loxley (1963) .
Color of the LD at the 10th rib level was measured 72 h postmortem with a spectrocolorimeter12 on the Hunter scale. Muscle pH was determined with a portable pH meter13 using a pointed-probe ele~trode'~. Forty-fiveminute pH values were determined directly on the carcass by making an incision between the first and second rib lateral to the backbone and piercing the tissues in order to get a reading of the LD. The exposed surface of the semimembranosus on the inside ham served as the point of insertion to measure pH on this muscle.
Statistical Analysis. The carcass, dissection, chemical analysis and fatty acid data were analyzed using Student's t-test. The pH, color and collagen were analyzed using a random- 
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ized complete block design as described by Dubreuil et al. (1990) . All analyses were done using the SAS program (SAS, 1986) .
Results
Slaughter weights. hot and cold carcass weights and dressing percentages were not significantly affected by treatments because the animals were slaughtered at a constant weight (Table 1) . Cooler shrink was doubled for animals treated with the hGRF analog but this difference was not significant (P > .05). Control animals (TI) took 59 d to reach slaughter weight; hGRF-treated pigs (T4) took 56 d (Dubreuil et al., 1990) .
The dissection data (Table 2) showed that out of the four commercial cuts, only the weight of the shoulder was increased ( P < .01) by the hGRF analog. However, the composition of each cut was modified greatly by the hormonal treatment. In every case, the muscleto-fat ratios were increased by the hGRF analog (loin: 1.13 vs 1.91; shoulder: 2.1 vs 2.82; ham: 2.0 vs 3.12) as judged by absolute tissue weights and their percentages relative to each wholesale cut. Except for the shoulder, hGRF reduced ( P e .01) dissectible fat content of the loin by 30.8% and of the ham by 26.8%.
Conversely, hGRF increased (P < .01) dissectible muscle in each wholesale cut (17.4%, 16.2% and 13.3% for loin, shoulder and ham, respectively). The belly was not considered in these comparisons because muscle and fat were pooled together. With the exception of the belly, weights of bone all were increased (P < .05) by the hGRF analog. The hGRF analog increased ( P < .05) the quantity of skin in all the cuts considered. Relative to controls, the weight of the skin was increased 50% in 
M the loin, 33% in the shoulder, 28% in the ham and 40% in the belly. Collectively, for the loin, shoulder and ham, muscle weight was increased by 15% and fat content was lowered by 25°C. relative to controls. The chemical composition of the muscle and fat originating from the different wholesale cuts also was modified by hGRF treatment ( Table 2 ). The fat content of the muscle fraction was lowered (P < .05) in every wholesale cut; furthermore, protein was reduced and water was increased in every case. Fat composition also was modified by treatment. For all the cuts considered, the crude fat content of the fatty tissue was lowered (P < .01) whereas protein and water were increased by the hGRF analog. Fat-free muscle also was increased (P < .01) for all the cuts considered; this amounted to a 17% increase on a total carcass basis, Reconstitution of the soft tissue chemical composition of the carcass side using the proximate analysis data in conjunction with the dissection data (Table 3) showed that, relative to controls, treatment of pigs with the hGRF analog increased the protein content of the carcass sides by 10% and decreased crude fat by almost 30%. Water content of the sides was increased by 18%.
The fatty acid profile of the carcass fat, when expressed on a percentage basis also was modified by the hGRF analog ( Table 4) . The carcasses of the treated animals contained more unsaturated fatty acids, as demonstrated by higher iodine values of the carcass fat.
Treatment with hGRF resulted in an increase in linoleic acid content (P < .Ol) for the loin, shoulder and i.m. fat of the LD muscle. Based on fatty acid cornposition, the loin seemed the most affected by the hormonal treatment; there was also a reduction (P < .05) in palmitic acid in the loin. Except for LD i.m. fat, arachidic acid decreased (P < .OS) in every cut considered.
Meat quality measurements are presented in Table 5 . The pH measurements at 45 min on the LD and the semimembranosus or at 72 h postmortem on the LD only were not affected significantly by the experimental treatments. However, color as measured on the Hunter scale was affected by the treatments. A significant linear response due to treatments TI through T4 was observed for the "a" value.
Total collagen content was not affected by hGRF treatment, but soluble collagen in- creased linearly (P < .05) with the dose of hGRF for treatments T1 through T4. The effect of frequency of administration of hGRF did not affect the meat quality characteristics as shown by contrasts between T3 and T5.
Discussion
Results from this study clearly demonstrate that this potent hGRF analog modifies carcass composition of pigs. The overall effect resulted in a decrease in the fat content of the carcass accompanied by an increase in muscle, bone and skin. The results obtained compare favorably with previously reported studies, particularly that of Etherton et al. (1987) . in which workers observed a 25% reduction in carcass lipid after treatment with pGH.
Chemical analysis of the lean tissues on a wet basis showed a reduction in fat concentration accompanied by a decrease in protein concentration and an increase in water content. Edema has been reported to occur in pigs treated with GH (Machlin, 1972) ; more specifically, GH was shown to cause muscle edema (Doyle et al., 1956) . In humans, long-term GH therapy is known to cause Na and water retention (Underwood, 1988) . Hence, the slight but significantly lower protein concentration demonstrated in the muscle of the loin, shoulder and ham could be explained by an increase in the water content of the muscle. When the chemical analysis data are expressed on a dry matter basis, the hGRF analog increased protein concentration in every cut. Furthermore, total protein accretion was in- creased by the analog and confirmed by total body composition data. However, water retention was evident, as supported by protein-towater ratios of ,304 versus .285 for controls versus treated animals, respectively. This shows that accumulation of water was greater than would be attributed to protein accretion alone. Using the protein-to-water ratio of controls to calculate water content from protein, we derived an excess of 1.2 kg of water in the half-carcass of hGRF analogtreated animals excluding bone and skin. This increase in water retention could be responsible for the trend for greater drip loss or cooler shrink ( Table 1) . Chemical analysis of the dissectible fat also showed greater water accumulation with hGRF treatment; crude fat was reduced and protein concentration apparently was increased. However, increased protein resulted from a reduction in total crude fat with a consequential increase in the proportion of the connective tissue network. Even if the quantity of fatty tissue decreased in the hGRF-treated carcasses, the total protein present in fatty tissue of the carcass was the same for both treatments, at least as calculated from the proximate analysis data. Hence, the reduced weight of fat can be attributed to a reduced lipid accumulation.
The increase in linoleic acid of the fat component from hGRF-treated animals could result from an increase in the ratio of dietary fatty acids to endogenous fatty acid deposited in the fat reserves; this could be caused by a combination of reduced lipogenesis Etherton et al., 1987) and the fact that synthesis of linoleic acid in pig adipose tissue is very limited (Kass et al., 1975) . Furthennore, obese animals tend to deposit more saturated fat, due to greater "de novo" synthesis (Scott et al., 1981) . Although a greater proportion of unsaturated fatty acids could be detrimental to meat quality in terms of lipid oxidation and soft fat, the differences were small. However, this change Fhould be addressed in future work and it probably could be altered by modifying dietary intake of fatty acids.
Meat quality aspects were not significantly affected by the experimental treatments. As judged by pH measurements at 45 min postmortem and by color measurements (Lvalue) made at 72 h, no tendency for the production of pale, soft, exudative meat by the hGRF treatments was noted. However, the significant effect of the treatments on the "a" value indicates that tissue was brighter red for the control animals which could reflect an effect of hGRF on the meat composition. Perhaps the pigment content is reduced as a result of increased water content, which in turn could cause the "a" value to decrease. Total collagen concentration was not affected by hGRF treatments; these results confirm previous work in which GH treatment of lambs did not increase total collagen (Pel1 and Bates, 1987) . Furthermore, Pel1 and Bates (1987) showed that collagen as well as non-collagen protein synthesis rates were increased in GHtreated lambs. This finding would suggest higher concentrations of newly formed, less cross-linked collagen molecules, causing an increase in soluble collagen (Bailey, 1985) as we found in our study.
In conclusion changes in carcass composition brought about by the human growth hormone-releasing factor analog are similar to what has been observed with the use of porcine growth hormone. These include reduced fat but increased protein, water and bone in most meat cuts. Treatments do not seem to be detrimental to meat quality. Use of this analog in a suitable delivery system could transform the pork industry.
Implications
Treatment of pigs with growth hormonereleasing factor on an industrial basis should provide the consumer with leaner cuts of pork containing fatty acids that are less saturated. The tenderness of the meat produced should not be different. However, care should be taken in order to avoid production of excessively lean meat which could impair flavor and juiciness of the product.
